Phytochemical study of the Balkan endemic J. tzar-ferdinandii Davidov allowed the identification of twenty-two components. β-Amyrin, lupeol, taraxasterol and ψ-taraxasterol and their 3-O-acetates and 3-O-palmitates were identified by GC/MS. Six closely related sesquiterpene lactones and four flavones were isolated from the chloroform extract using column chromatography, and their structural identification was performed by spectral analyses. All isolated compounds are described for the first time in Jurinea species. The inhibitory potential of the total chloroform extract, fractions containing triterpenes, flavonoids and sesquiterpene lactones as well as individual compounds against a bacterial lipase from Candida rugosa (CRL) and a lipase from porcine pancrease (PPL) was evaluated. The half maximal inhibitory constants (IC 50 ) for the two enzymes were in the range of 28-150 µg/mL. The strongest inhibitory activity was found for the total chloroform extract (29±1 µg/mL and 39±1 µg/mL for CRL and PPL, respectively.). Among the individual compounds, onopordopicrin was found to be the most potent inhibitor for CRL and PPL with IC 50 values of 32±1 µg/mL and 36±1 µg/mL, respectively.
The genus Jurinea Cass. (Asteraceae) comprising about 250 species is widespread in Southwest and Central Asia, the Mediterranean and the Balkan regions of Europe [1] . This genus is represented by 10 taxa in Bulgaria, five of them are local or Balkan endemics [2, 3] . The phytochemical studies on genus Jurinea are limited and only a few species have been investigated so far. The literature survey revealed that Jurinea species are rich in sesquiterpene lactones, of which germacranolides are the most characteristic for this genus [4] . In addition, the pentacyclic triterpenes were found in the roots of J. albicaulis L. [5a] and in the fruits of J. anatolica Boiss. and J. consanguinea DC [5b] . Further, arctigenin and arctiin, have been isolated from the fruits of J. mollis. This aglycone-glycoside pair is dibenzylbutyrolactone lignans is reported to exhibit antioxidant, antiproliferative, antiviral, neuroprotective and colitis inhibitory properties [6] . Recently, the total phenolic and flavonoid contents in J. consanguinea DC and J. dolomianea Bioss extracts have been reported in relation to their antioxidant capacity [7, 8] . The isolation of individual phenolic components from Jurinea species has not been described so far. These classes of natural products possess wide variety of biological and pharmacological activities such as antiviral, antibacterial, antifungal, hepatoprotective, cardiovascular, antiinflammatory, antiatherosclerotic, gastroprotective, etc. [9] [10] [11] [12] .
Enzyme inhibition is one of the most successful strategies for the regulation of some serious metabolic disorders and/or is able to alleviate effectively acute symptoms of some diseases and improve conditions. For example, drugs based on pancreatic lipase inhibitors are the only alternative for long-term treatment of obesity, a serious disease associated with a vast number of chronic diseases and disabilities like dyslipidemia, fatty liver disease, osteoarthritis, hypertension, type 2 diabetes, gastrointestinal cancers, coronary artery disease, heart failure, and stroke [13, 14] .
At the same time, in recent years Candida rugosa has been recognized as an emerging fungal pathogen, which affects immunocompromized patients, patients receiving antibiotics or some patients exposed to invasive medical procedures [15] .
Candida rugosa strains are refractory to antifungal therapy and the inhibition of Candida rugosa lipase and other proteolitic enzymes can affect microbial fitness and virulence and thus to assist in the treatment of the disease [16] .
Up to date various plants have been screened for their anti-lipase activity and representatives of different chemical classes (saponins, polyphenols, flavonoids, di-and triterpenoids) and it was reported that many of them are potent lipase inhibitors [17] [18] [19] . However, only few of them are implemented in the practice due to their high cytoxicity or lack of enzyme selectivity. Yet, novel lipase inhibitors are of current research interest and can be a basis for development of high-added-value products such as food additives, nutraceuticals, and pharmaceuticals.
The aim of this study was to investigate chemical constituents of the unexplored Balkan endemic species Jurinea tzar-ferdinandii Davidov and to evaluate their anti-lipase properties against a pancreatic lipase and a bacterial lipase from Candida rugosa.
Aerial parts of J. tzar-ferdinandii were extracted successively with n-hexane and CHCl 3 . n-Hexane extract was separated by CC on Silica gel and the obtained subfractions were analyzed by GC/MS. β-Amyrin (1), lupeol (2), taraxasterol (3) and ψ-taraxasterol (4), and the corresponding 3-O-acetates (5 -8) and 3-O-palmitates (9 -12) were identified by comparison their mass spectra with literature data [5, 20] . Further, CC and prep. TLC separation of the CHCl 3 extract afforded six closely related sesquiterpene lactones. Onopordopicrin (13) [21] , onopordopicrin-4α,5β-epoxide (14) [22] identified by their 1 H NMR, MS and UV spectra using shift reagents for determination of OH and OMe positions in the structures.
The described sesquiterpene lactones are with germacrane, eudesmane and elemane carbon skeleton. All of them contained 4-hydroxymethacryloyl ester residue at C-8 and 12,6-trans--methylene-γ-lactone ring. The described above lactones were isolated for the first time from Jurinea species and the lack of any functional group at C-14 distinguishes them from the lactones found so far in the genus Jurinea, all of which contained oxygenated substituent at this position. The literature survey revealed that compounds 13-18 have been previously found in Onopordon и Centaurea genera [30, 31] . Further, all isolated flavonoids are 5,7-dihydroxy-6-methoxyflavones, differing in the substitution pattern of ring B: 4'-mono-(19 and 22) and 3',4'-disubstituted (20 and 21) with OH and/or OMe groups. It is worth to note, that the presence of flavonoids in Jurinea species is reported for the time now. Compounds 19 -21 have been described as components in some Centaurea species [32] , while only pectolinarigenin (19) and hispidulin (22) have been found in Onopordon plants [30] . Onopordon and Centaurea genera together with genus Jurinea belong to tribe Cardueae (Asteraceae). Thus, based on the structural type of the isolated lactones J. tzar-ferdinandii probably occupies an intermediate position and supported biogenetic relationship of genus Jurinea and the other two genera. The described flavonoids support partially this hypothesis, but further studies are needed, in order to understand their chemotaxonomical role in this case. Table 1 ). The estimated half maximal inhibitory constants (IC 50 ) for the two enzymes were in the range of 28-150 µg/mL. The total CHCl 3 extract, which contained sesquiterpene lactones and flavones was the most potent inhibitor for the two tested enzymes. Amongst the triterpenoids the strongest inhibitory activity was found for the fraction of the triterpenyl palmitates (TrOPal), which is probably due to their long-chain fatty acid substituents, which are able to accommodate efficiently in the substrate binding subside of the two lipases and thus, hinders the access of the substrate to the enzyme active side. Interestingly, the sesquiterpene lactone 13 possessed the lowest IC 50 for the two enzymes (32±1 and 36±1 µg/mL, respectively) and was found to be the best inhibitor among individual compounds. Probably the lactone moiety of onopordopicrin interacts with the active sites PPL and CRL as it has been found for Orlistat, an irreversible inhibitor of lipases from Candida sp. and human pancreatic lipase [33, 34] . It has been established, that β-lactone ring in the tetrahydrolipstatin molecule is responsible for lipase inhibitory activity and its opening results in loss of activity [33, 34] . There is no information about the possible involvement of sesquiterpene γ-lactones on this matter so far. In fact, there is only one report on anti-lipase activity of sesquiterpene lactones [35] .
Experimental
General: IR, Bruker Tensor 27 FT-IR spectrometer; NMR, Bruker Avance II+ 600 NMR spectrometer; CC, Sephadex LH20, Silica gel 60(230-400 mesh); TLC, Silica gel 60 F254 plates; TLC plates were visualized by spraying with: conc. H 2 SO 4 followed by heating (150 ο C) for sesquiterpene lactones and NP/PEG reagent and UV visualization at 366 nm for flavonoids.
Gas Chromatography-Mass Spectrometry (GC/MS):
The GC/MS analysis was performed on a gas chromatograph HP 6890 GC System Plus coupled to a mass selective detector HP 5973 MSD (Hewlett Packard, Palo Alto, CA). An ultra-inert fused silica capillary column DB-5ms UI (J&W Scientific, Folsom, CA) with 30 m column length, 0.25 mm i.d., 0.25 µm film thickness, was used. The oven temperature was programmed from 80 o C to 300 o C at a rate of 5 o C /min and 20 min held at the final temperature was applied. Helium was used as a carrier gas at a constant flow rate of 0.8 ml/min. The split ratio was 1:50, the inlet temperature was set to 300 o C and the transfer line temperature was 320 o C. Mass selective detector operated in electron impact ionization (EI) mode at 70 eV electron energy, the ion source temperature was set to 230 o C, and the quadrupole temperature was 150 o C. The mass scan range was 45-700 amu. Instrument control and data collection were carried out using MSD Productivity ChemStation (E.02.02 SP2, Agilent Technologies). 
Lipase inhibition assay:
The lipase activity was determined by monitoring the hydrolysis of a chromogenic substrate 4-nitrophenylpalmitate (4-NPP) (Sigma) spectrophotometrically at 410 nm. In the study lipase from porcine pancreas (PPL) (20.6 U/mg, olive oil as a substrate, 20% w/w protein content) (Fluka) and a lipase from Candida rugosa (CRL) (MW 64 kDa, 30 U/mg (olive oil as a substrate), 10 % (w/w) protein content) (Amano Pharmaceutical Co., Japan) were used. Tetrahydrolipstatin (Orlistat) was purchased from Sigma and was used as a positive control. Initially, stock solutions of the tested compounds (1.5 mg/mL) in DMSO were prepared. The substrate solution was prepared by dissolving 15 mg 4-NPP in 5 mL iso-propanol and then it was diluted to 50 mL with sodium-phosphate buffer (5 mM, pH 7.0). PPL (0.2 mg/mL) and CRL (0.05 mg/mL) were dissolved in sodium-phosphate buffer (5 mM, pH 7.0). In a typical reaction, to 1.8 mL of the substrate solution was added 0.5 mL of the studied compounds (various concentrations). The reaction started by adding 0.1 mL 0.2 mL PPL or CRL (stock solution). The temperature was maintained at 25 o C. The release of the 4-nitrophenol with the time was monitored. Lipase inhibition was calculated from the residual activity detected in the presence of the compound with respect to that of the sample without additive. IC 50 , the concentration of the tested compound required to decrease the lipase activity by 50%, was determined graphically by a plot of percent of inhibitions versus log concentrations of the test sample. All experiments were done in triplicate the value reported referred to means. Standard deviation was determined by Microsoft Excel Program.
